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CLOUDINESS IN THE UNITED STATES* 

By ROBERT DeC. WARD 

Harvard University 

Effect of Cloudiness on Man 

The amount of cloudiness affects man in many ways. In summer, cloudy 
days provide protection from the sun's rays. In winter, cloudy skies at 
night diminish nocturnal radiation, check the fall of temperature, and 
thereby reduce somewhat the need of fuel for heating purposes. Clear, 
calm winter nights are usually the coldest. On the other hand, dark over- 
east days in winter often seem colder than they really are because of their 
lack of sunshine. Such days necessitate an increased use of artificial light 
and hence of fuel for power purposes. The amount of cloud has distinct 
psychological effects. Continuously gray skies are depressing. Bright, 
sunny climates tend to make people cheerful. Steadily cloudless skies, on 
the other hand, easily become monotonous; the continued glare of the sun 
is tiring to the eyes, and one longs for clouds. The amount of cloud con- 
trols the duration of sunshine, the brightness of the sky, and the amount 
of diffused daylight. All these conditions have important relations to the 
distribution and growth of vegetation and to the development of micro- 
organisms. Medical climatology is closely concerned with cloudiness and 
sunshine in relation to health and disease. 

The thickness and kind of cloud, as well as the amount, are important. 
There is a great difference between the effect, psychological as well as 
economic, of a thin sheet of high cloud, like cirro-stratus, and of a low, 
dark cloud layer of strato-cumulus or nimbus. A sky largely covered with 
fine-weather cumulus on a summer day makes a wholly different impression 
from that given by a stratus cloud sheet covering an equal portion of 
the sky. 

Cloudiness as a Climatic Element 

The amount of cloudiness is recorded by eye on a scale of (cloudless) 
to 10 (overcast), and the conventional climatic summary includes the mean 
annual and mean monthly amounts of cloudiness, expressed in tenths or 

* This is the fifth in a series of articles by the present writer on the climatolOBy of the United States. 
The four previous articles were: Climatic Subdivisions of the United States, Bull. Amer. Geogr. Hoc. 
Vol.47. 1915. pp. 672-680; Rainfall Types of the United States, Qeogr.Rev.. Vol.4, 1917, pp. 131-144; Eainy 
Days and Rain Probability in the United States, ibid.. Vol. 7, 1919, pp. 44-48; Frost in the United States, 
ibid.. Vol. 7, 1919, pp. 339-344. 
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percentages. These means, while giving the larger facts which are quite 
sufficient in general climatic descriptions, do not furnish as vivid a picture 
of the nature and of the variations of cloudiness as is often desired in 
detailed studies of local climates. For such investigations, information 
regarding the average numbers of clear, partly cloudy, and cloudy days 
in each month should be included. This gives a more complete picture 
of the actual distribution of cloud and sunshine than do the monthly and 
annual means. It shows what kinds of days prevail throughout the year.^ 
Further, if three observations of cloudiness are taken daily, it is very 
desirable to have the means for the morning, afternoon, and- evening hours 
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Fig. 1— Map showing mean annual cloudiness in tlie United States. Scale 1 : 45,000,000. 

given separately. In this way the diurnal variation of cloudiness can be 
readily seen. Two places may have exactly the same mean monthly cloudi- 
ness with quite a different diurnal distribution in the two cases. One of 
them, for example, may have prevailingly overcast skies in the mornings 
and evenings, with cloudless noon hours, while the other is partly cloudy 
all day. The economic and physiological effects of the two climates may 
differ greatly. 

In a broad view of the climates of an extended area, like that of the 
United States, it is sufficient if the larger facts of annual and monthly 

1 Observations covering this aspect of cloudiness are regularly published by the U. S. Weather Bureau 
in the Climatologlml Data of the various sections, the Monthly Weather Seview, and the Annual Reporbs oj the 
Chief of the Weather Bureau. 
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amounts of cloud are known. Details may 
easily be looked up if they are desired. 

The Available Cloudiness Maps 
OP THE United States 

The first monthly and annual cloudiness 
maps for the United States were included in 
Teisserenc de Bort's isonephs^ for the world 
(1884) and were necessarily based on very in- 
complete data.^ 

The first complete set of monthly cloud 
maps for the United States alone was pub- 
lished by General A. W. Greely, then Chief 
Signal Officer, in 1891.* 

The first map of mean annual cloudiness for 
the United States alone was that published in 
the Annual Report of the Chief of the Weath- 
er Bureau for 1896-97.'' 

A new series of maps, both monthly and 
annual, appeared in 1911. These were con- 
structed by Kenneth McR. Clark, then a 



Pigs 2-17— Diagrams showing, month by month, the annual 
variation of cloudiness in the different climatic provinces of the 
United States. 

Pig. 2— North Pacific coast ( annual mean. 6.3 ). 
Pig. 3— Middle Pacific coast (annual mean. 4.4). 
Fig. 4— South Pacific coast (annual mean. 3 6). 

2 Lines of eanal cloudiness. 

8 Won Teisserenc de Bort: Etude sur la distribution moy- 
enne de la nebulosity a la surface du globe d'apres les premieres 
cartes d'isonephes. ^nnaies Bur. Cen<rai Miftnrol. de France. Vo}' 
4, 1884. The data for the United States were those for 96 stations, 
for the period 1843-1854. originally published in the Armv Meteoro- 
logical Register. These maps are reproduced, in colors, in the 
"Atlas of Meteorology," 1899. Pis. 17 and 18, text. p. 16. the an- 
nual map for the United States having been revised by the incor- 
poration of more recent data included in the Annval Report o/ 
the Chiejofthe Weather Bureau for 1896-91. 

■1 A. W. Greely: Charts Showing the Average Monthly Cloud- 
iness for the United States, folio. U. S. Signal Service. Wash- 
ington. D. C, 1891. These maps were based on recent data col- 
lected by the Signal Service. The longest period covered by 
the observations was 18 years (1871-1888), and many of the 143 
stations had shorter records. A discussion of- the facts brought 
out on General Greely's maps was later published by K6ppen 
(W. K5ppen: Regenwahrscheinlichkeit und BewSlkung In den 
Vereinigten Staaten von Nordamerilia. Meteord. Zeitschr., Vol. 10, 
1893, pp. 161-168). who also constructed a series of diagrams show- 
ing the annual variation of cloudiness for latitudes 32°, 40°, and 
47° N.. for longitudes 87° and 97° W., and for the Atlantic and 
Pacific coasts. 

5 Part VI. Chart XX, text. pp. 286-287. Washington.D.C.,I89S 



350 



THE GEOGRAPHICAL REVIEW 



JFMAMJJASOND 



10 
9 
8 
7 
6 
5 
4 
3 
Z 
I 




























































































\ 




















/ 




■^ 


\ 














/ 












N 


N 






/ 
















\ 




/ 


/ 




















^ 


















































































































































TH 


<3E0 


CR. B 


LVIE» 


. AP« 


MM 


JUNE 


m 



JFMAMJJASOND 

























































































































\ 
























N 






^ 


















■^ 










































































































































































IM 


GEO 


iH. R 


iview 


, AM 


■Mw 


JUNE 


920 



JFMAMJJASOND 

















































































































.^ 




L 
















y- 


















v. 








> 


























































































































































































THE 


CEO> 


m. H 


VIEW 


APR 


-M.y 


Mttf 


910 



student in Harvard University.*' 

In 1912 another and still more complete set 
of maps and diagrams, prepared by Glaser, 
was published/ There are thus already avail- 
able two recent sets of monthly and annual 
cloud maps, those of Clark and of Glaser. The 
latter are based on somewhat more complete 
data than the former, and the isonephs are 
drawn with more attention to details. In 
their broad general features the two sets of 
maps are essentially similar. Neither series is 
fully up to date, but it is unlikely that the 
addition of newer data would lead to any im- 
portant modifications in the locations of the 
monthly isonephs already drawn. ** 

The Present Cloudiness Map 
OP the United States 

The aeeompamdng new map of mean an 
nual cloudiness (Fig. 1), here published for 

Fig. 5 -Northern Plateau Province (annual mean, 5.0) 
Pig. 6-Northwe.itern Plains Province (annual mean. 4 8) 
Fig. 7 — Upper Mississippi Valley (annual mean, 5.0). 

6K. McR. Clark: A New Set of Cloudiness Charts for the 
United States, Qirart.Joum. Jfoya(J/c(€oroi. Soc. , Vol.37, 1911, pp, 
169-175. Observations were used from 77 stations with records 
for 30 or more years; 31 with less than 10 years, and 15 with 5 
years or less. The isonephs were intentional ly generalized so as 
to bring out only the larger facts. 

^ Arthur Glaser : Bewolkungsverhaltnisse und Sonnenschein- 
dauer von Nordamerika, .Iws rfem Arehiv dev Detftschen Seewarte 
(Hamburg), Vol. 35. 1912, No. 1. pp. 1-63. This is the most com- 
plete discussion of the cloudiness and sunshine of the United 
states up to the present time. General Greely's maps have been 
revised by the inclusion of newer and more complete data cover- 
ing the year 1906, 236 stations in all being used. There are maps 
showing annual, seasonal, and monthly isonephs: the annual 
range in cloudiness ; seasons of maximum and of minimum 
cloudiness: and isopleths for latitudes 32", 40°, and 47° N., for 
longitudes 80°, 90°, 100°, and 110° W., and for the Atlantic and 
Pacific coasts. 

SFor further brief discussions of cloudiness In the United 
States see: A.W. Greely: American Weather, New York, 1888, pp. 
64-68 (gives maps of mean cloudiness for January and August 
on the basis of observations for 1871-86; also curves showing 
the annual fluctuations Of cloudiness at selected stations) : Frank 
Waldo: Elementary Meteorology, New York, 1896, pp. 352-354 
(reproduces General Greely's maps for January and August); 
Julius von Hann: Handbuch der Klimatologie, 3d edit., Stutt- 
gart. 1911, Vol. 3. pp. 390-391 : P. L. Wachenheim: Die.Hydro- 
meteore des.gemassigten Nordamerika, Meteorol. Zeitsclir., Vol. 
22, 1905, pp. 193-211 (with monthly percentages for selected dis- 
tricts). 
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the first time, was drawn by the present writer on the basis of the 
latest and most complete data now available. These data were supplied 
by the courtesy of the Weather Bureau. They include all the regular 
Weather Bureau stations having a length of record sufficient to justify 
the preparation of the mean values. The total number of stations em- 
ployed was about 190. Of these, 65 had over forty years of observations; 
nearly 40 had between thirty and forty years; 30 had from twenty 
to thirty years; 40 from ten to twenty; and the remainder ten years or 
less. The last year included in the means was 1918. In drawing the 
isonephs somewhat greater weight was laid on the data for stations with 
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Pig. 8 -Upper Great Lakes (an- 
nual mean, 5 8). 



Pig. 9— Loner Great Lakes ( an- 
nual mean, 6.0). 



the longer periods of observations. In dealing with the element of cloudi- 
ness, however, the amounts of which are estimated by eye, perfect accuracy 
is obviouslj- impossible of attainment. It appears on investigation that 
short-period means do not depart to any considerable degree from long- 
period means. Indeed, the departures are probably no greater than the 
differences resulting from the personal equation in the case of different 
observers. It is, therefore, unnecessary to reduce the means of cloudiness 
to the same period of time, as is done in the case of instrumental records. 
Furthermore, the short-period records are by no means to be disregarded 
as altogether unreliable. The accompanying map is intentionally general- 
ized. It is designed to present the larger facts in the distribution of the 
mean annual cloudiness and not to emphasize details. The isonephs were 
first drawn on "a large-scale map with careful attention to the actual data. 
They were then transferred to a small-scale map and smoothed. In several 
eases in which a single station shows a slightly greater or smaller amount 
of clovidiness than the surrounding sections, that station was deliberately 
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omitted in order not to overemphasize local conditions.^ In drawing 
isonephs for as large an area as that of the United States, with the rela- 
tively small number of stations for which records are available, a good 
deal must be left to the individual judgment of the investigator and to 
his desire to present either a more detailed, or a more broadly generalized, 
picture. 
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Mean Annual Cloudiness 

If details are omitted and only the larger facts are kept in view, the 
general ^distribution of cloudiness for the year is easily described and 

remembered. There are two districts of max- 
imum cloudiness (over 60 per cent) : one ly- 
ing over most of the Great Lakes region and 
extending northeastward over the St. Law- 
rence valley and northern New England, the 
other found on the extreme northwestern Pa- 
cific coast. Both of these sections are under 
marked cyclonic control, especially in the cold- 
er months. In both cases the prevailing winds 
in general blow across bodies of water. On 
the Pacific slope the presence of mountains 
close to the coast is an additional factor in 
causing condensation. It is significant that 
in this last-named section the areas of maxi- 
mum cloudiness and of maximum rainfall cor- 
respond closely. The southwestern portion of 
the Plateau Province"* (between the Rocky 
Mountains and the Sierra Nevada) is the least cloudy section of the country. 
Southern Arizona and the central and southeastern parts of California have 
less than 30 per cent. A smaller area centered around Yuma, Ariz., has less 
than 20 per cent. The sunny skies of the Southwest are easily explained. 
Pew general storms frequent that part of the country, and it is well shut 
off from moisture-bearing winds. In going eastward from the Southern 
California coast into the desert there is a marked and rapid decrease in 
cloudiness. 

In general, the eastern half of the country has more, and the western 
half, except on the North Pacific coast, less than 50 per cent. The 

9 For example, in the Appalachian area, in an extended region having as a whole between 50 and 60 
percent, Elkins, W. Va., with a 20-year record, has 63 per cent: Wytheville, Va. (16 years), has 46 per cent; 
Reading. Pa. (6 years), has 60 per cent; Harrlsburg, Pa. (80 years), has 56 per cent. Walla Walla, Wash. 
(31 years), has 50 per cent, and Havre, No. Dak. (86 years), has 49 per cent in a general area having 
between 50 and 60 per cent. Green Bay, Wis. (32 years), has 64 per cent in a general area with 50 to 60 
per cent. There are a few other eases which have similarly been omitted. 

•" One of the climatic provinces into which the author has divided the United States. See R. DeC. Ward : 
Climatic Subdivisions of the United States. BtiU. Amer. Geogr. Soc. Vol. 47. 1915, pp. 672-6S0, especially map 
on p. 678.— Edit. Notf. 



Pig. 10— New England (an- 
nual mean, 5.5). 
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Northern States are more cloudy than the Southern, as is to be expected 
from the more active and more frequent storm control in the north. This 
difference is well marked on the Pacific coast and over the plateau; it is 
less so in the East. The Pacific coast as a whole is less cloudy than the 
Atlantic, but the northern part of the Pacific coast is more cloudy than 
any portion of the Atlantic. Over thirty years ago Woeikof called atten- 
tion to the fact that, although the available data on cloudiness for the 
eastern United States were then scattering and unsatisfactory, it was 
already certain that the mean annual cloudiness is less here than in Europe, 
excepting in the Mediterranean area.^^ 

Seasonal Variations in Cloudiness 

The mean annual amount of cloudiness, the distribution of which has 
just been considered, is the result of the interaction of all the cloud- 
producing conditions working together throughout the year. As these con- 
ditions vary more or less in the different months, the average percentage 
of cloudiness for the whole year gives a very inadequate, and not infre- 
quently quite a misleading, impression of the state of the sky as this is 
actually seen from day to day and from month to month. If the monthly' 
maps of isonephs are examined, a general but somewhat irregular seasonal 
migration of the lines of equal cloudiness becomes apparent. Taking the 
country as a whole, winter is the cloudiest and summer the clearest season. 
Roughly, from midsummer to early winter there is an equatorward move- 
ment of the belt of maximum cloudiness, and from midwinter to summer 
there is a general northward retreat. This seasonal movement of the 
isonephs is associated with the corresponding equatorward and poleward 
migration of the general storm belt, and the latter, in turn, depends upon 
the seasonal changes of temperature. In winter general storms are more 
frequent, better developed, and affect larger sections of the country. This 
involves the development of more frequent and more extended cloud sheets. 
Furthermore, during the colder months, winds which blow from warm 
waters naturally tend to become cloudy and rainy as they pass over the 
colder land to leeward. During the winter the Great Lakes and the North 
Pacific coast have a mean monthly cloudiness of more than 70 per cent and 
even of more tlian 80 per cent over smaller areas. The lee shores of the 
Great Lakes are more cloudy than those to windward. In summer, these 
same sections (Great Lakes and North Pacific coast) have, in general, 
about 50 per cent or less. An exception is a narrow strip on the coast of 
Washington, which even in summer maintains a mean cloudiness of over 
60 per cent. 

In the Southwest, the area of minimum cloudiness shows a gradual 
expansion northward and eastward as the season advances. The 30 per 

" Alexander Woeikof: Die Klimate der Erde. 2 vols., Jena, 1887; reference in Vol.2, p. 45. 
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cent isoneph, which encloses a relatively small 
area in the extreme southwestern interior in 
winter, covers most of the interior Plateau 
Province by midsummer, when the 20 per 
cent and 10 per cent lines, which do not ap- 
pear at all on the winter maps, enclose con- 
siderable portions of that same district. 

There are certain exceptions to the general 
rule, above stated, that the winter is the cloud- 
iest and the summer the clearest season. The 
Pacific coast distinctly shows the contrast be- 
tween the cloudier skies of its winter and the 
summer skies of its summer and early fall. 
Figures 2, 3, and 4 show the characteristic 
seasonal distribution of cloudiness on the Pa- 
cific coast and also the gradual decrease in 
the amount of cloud from north to south. 
There the season of rain and the season of 
maximum cloudiness go closely hand in 
hand.^^ In the Valley of California the mid- 
summer months are indeed almost cloudless 
as well as rainless, thus providing most favor- 
able conditions for many outdoor occupations 
such, for example, as the sun-drying of rai- 
sins. Over the northern tier of states as a 
whole, from the Pacific to the Atlantic, July 
and August (or September) are the least 
cloudy months. Figures 5 to 9 illustrate the 
annual variation of cloudiness over the north- 
ern tier of states from the northern Plateau 
Province eastward to the lower Great Lakes. 
New England (Fig. 10) has very little varia- 
tion in cloudiness through the year. The 
southern tier of states, on the other hand, 
with a few exceptions, has its minimum cloud- 
iness in autumn, October being quite generally 
the least cloudy month (Figs. 11-13). These 
autumn months are a transition season, before 

Fig. 11— West Gulf States (annual mean, 4.7). 
Fig. 12— East Gulf States (annual mean, 5.0>. 
Fig. 13 — South Atlantic States (annual mean, ^.i). 

'2 In these and the following figures the curve showing the 
annual variation of cloudiness is based on the mean monthly 
cloudiness as determined by combining the data for a group of 
stations in that particular section. The curves are therefore 
composites. 
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the winter storm control sets in, and are also 
a time of minimum rainfall over a consider- 
able portion of the eastern United States. 

The winter (December-February) maxi- 
mum of cloudiness is characteristic of the Pa- 
cific slope (Figs. 2-4), the Plateau (Figs. 5 
and 14), and all of the southern and eastern 
United States excepting Florida. The north- 
ernmost tier of states east of the Great Plains, 
including most of the upper Great Lakes re- 
gion and New England, has its maximum in 
late autumn or early winter (Figs. 8-10). 
Middle or late spring is the cloudiest season 
over the northern Great Plains, when the 
rainfall maximum of that section is already 
well marked (Figs. 6 and 15), while the mid- 
dle and late summer convectional rains of the 
southern Plateau, with prevailing southerly 
winds, give a maximum, or at least a second- 
ary maximum, there in July and August (Fig. 
16). In Florida, also, the summer months 
with their heavy rainfalls are the cloudiest 
season (Fig. 17). 

Annual Variation in Cloudiness 

Over most of the country the difference be- 
tween the amount of cloud in the cloudiest 
and in the least cloudy months is so small 
(generally 10-20 per cent) as to be of no 
special significance. In the two districts of 
maximum annual cloudiness, the Great Lakes 
and the North Pacific coast, there is a greater 
difference (30 per cent or more) between the 
percentages of cloudiness at the times of max- 
imum and minimum. The western Plateau 
also has a marked contrast (30-40 per cent 
and over) between its cloudy and its clear 
seasons. The summers are there very sunny, 
while the winter storms, passing over this dis- 
trict from the Pacific, cause a fair amount of 
cloudiness. "Woeikof seems to have been the 

Pig. 14 -Middle Plateau Province (annual mean. 4.0). 
Pig. 15— Central Plains Province (annual mean. 4.1). 
Pig. 16-Southeru Plateau Province (annual mean, 3.0). 
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first to point out that the annual variation in cloudiness in the central and 
eastern portions of the United States is less than that in Europe ;^^ and von 
Hann has called attention to the fact that there is no such well-marked an- 
nual variation in the eastern United States as there is in eastern Asia.^* The 
reason is found in the frequency of damp, easterly cyclonic winds during the 
American winters, while in eastern Asia the dry offshore northwesterly 
winds are the dominant winter characteristic and give clear skies. 
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Relation op Cloudiness to Rainfall 

Another matter which also deserves men- 
tion here was emphasized by General Greely 
in his discussion of his monthly cloudiness 
maps.^^ The annual amounts of rainfall and 
of cloudiness show no fairly fixed ratio, as 
might at first thought be expected. In com- 
paring the southern Great Plains and their 
relatively small amount of cloud with the 
cloudier and rainier Great Lakes region, 
cloudiness and rainfall may seem somewhat 
closely related. In going east from the north- 
ern Great Plains to the Great Lakes, on the 
other hand, the rainfall doubles while there 
is no correspondingly marked increase in the 
amount of cloud ; and the northern Gulf Prov- 
ince has about four times the rainfall of New Mexico, while the cloudiness 
in the former district is not even double that in the latter. 
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Fig. 17— Florida Peninsula ( an- 
nual mean. 4.6). 



>3 Woeikof, loc. cit. 

i< Julius von Hann. loc. cit. 

15 A. W. Greely, work cited in footnote 4. 



